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ABSTRACT 


This paper represents an analysis of the ocean 
ammunition export function of the Naval Weapons 
Station at Concord, California. The analysis, 
utilizing the general purpose? transportation simulator 
TRANSIM, defines the system and adapts it to TRANSIM 
notation. The objective of the project was to 
establish a workable model and use it to predict the 
Maximum export capanility of NWS, Concord. Five 


simulations were completed; three replicated the 


historical data to establish the model's workability 


and =the other two indicated increased capabilities 


possiktle. 
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BACKGROUND 


The Naval Weapons Station (NWS), Concord is located in 
California about thirty-five miles northeast of San 
Francisco and seventy miles southwest of Sacramento. 
Although the station comprises three activities at sites 
near Concord, Pittsourg, and Vallejo, this study concerned 
itself with only the Concord activit 

Of the-many missions assigned to NWS, Concord, only two 
have relevance to this study. The two missions that related 
directly to the export capability are the following: 

1. Cperate a munitions oraqe maintenance 
and transshipment faeclas to support the 
operating forces; 

; A, Receive, renovate, maintain, Te, 
and issue | ammunition xploSives, Sepenaan 
ordnance Liens and/or weapons and technical 
ordnance waterial, ; , 

; B. Operate and tialntain aa ocean 
terminal faci ity to transship ordnance material 
im suppcrt of the Armed, Forces... 

2. Provide logistics ant sort terminal 
Services ih support of Pacific eet Ammunition 
ships (AEs) homepofted at the Station... [1-1]. 

Aithough NWS, Concord is a Navy owned and operated 
installation, by its rather unigue position as the only 
Ma jor West Coast ammunition ocean terminal, it is required 
to support the other services and is thereby critical to the 
Department of Defense. The facility is strictly Naval but 
it does report for administration and accounting purposes to 
the Oakland Terminal of the Military Traffic Management 
Comaand, the Department of Detense agency responsible for 
worlLiwid.> traffic Management. NWS, Concord is the 
ammuniticn ccunterpart of Oakland, the primary West Coast 


general carge port. (The Oakland facility is about 


twenty-five miles southwest of Concord.) 


The facility at Concord is divided into the Inland Area 
and the Tidal Area. Tae Inland Area is concerned with 
research, administration, military housing, and similar 
activities, while the Tidal Area is concerned with the 


Operational aspects of the transshipment of ammunition. 


vz 


The analysis of Nis, concor i's capabilities “as 
acconplished by using as a basis the simulation model 
2ANSTM, TRANSIM is a general purpose transportation systen 
simulator ueveloped originally in 1906 by the Dapartment of 
Engineering, University of California at Los Angeles (iJCLA) 
£OE the Undersecretary o£ Transportation in the JU.5. 
Department of Ccmmerce, The continuing effort of the 
Preject TRANSIM office at UCLA is to update and simplify the 
pregram, most recently published as TRANSIN IV. 

TRANSIM is a modular approach to a transportation system 
model which can be utilized to model transportation 
netwocks, transfer facilities, and intermodal relationships 


including a marine/port complex. [It is capable ot utilizing 


either deterministic or probabilistic input data. Spetific 
elements of TRANSIM as it applies to NWS, Concord are 


discussed in Chapter Six. 


Tae input of ammunition was by two modes, truck and 
rail, and iS recognized when the truck or the rail car 
"nasses through the gate" and becomes available for handling 
by NWS, Concord. The ammunition 1s inspected, catalogued, 
and placed in storage until required for loading aboard a 
vessel. Empty vessels (partially loaded vessels from other 
ports were considered empty vessels throughout the analysis) 
enter the system through a harbor, and exit to the harbor 
after loading. A general schematic of the systen elements 


is shown in Figure 1. 


13 


SNIv at 


Had 
BOYYOLS 


WHLSAS CHEZIWHYAINES 


S133SS3A 


30mgNnoS ee 


SNUA 
ALAWSA 


L 


einbta 


SI3SS3A 
Q39¥07 


SMONALL 


Tu 


The study considered only the export of ammunition 
abcard merchant marina type cargo vessels andi did _ not 
previde for the handling of any waterborne imported cargo. 
This specifically excluded ship discharge operations and 
operations cf the J. S. Navy vessels commonly referred to 
as AES, which were found to be low productive factors in the 
historical data. Since the A"s are homeported at Concord, 
this restriction may not have been completely realistic. 
Therefore, toward the end af the analysis consideraticn was 
given to the probable presence and needs of AEs, and these 
vessels are discussed aS a part of the system in Chapter 
Fight. dowever, to achieve the maximum export capability of 
NWS, Concord, the AES were consilered a negative influence, 
as will be explained later, and were excluded in the 


building orf the model. 


The study was restricted in one notable area. All 
computer simulations were processed with the computer at 
UCLA, where the most current version of TRANSIM is stored on 
tape. The complexity of the proyram did aot allow tor the 
program to he transferred to another computer site without a 


Significant TRANSIM training program involved in addition to 


possible logistical support problems. Using the computer at 
UCLA involved using research funds that could only provile 
for approximately tifteen runs on the computer with very 


limited storage and time allocations. 


The general approach of the study progressed 


consecutively through the following steps: 


1, Becave familiar with NWS, Concord operation and its 
facilities. 
2. Gathered raw data from the activity. 


3. Drafted a rough TRANSIM model to represent the NWS, 


Concord cperation. 


4. Organized the raw data and transformed it into 
usable parameters, 

5. Tested the TRANSIM model on the computer for 
accuracy, realism, and computer efficiency, and subsequently 
reworked the model and parameters until tha original 
Situation was replicated, 

6. Varied the parameters to determine limits of NaS, 
Concord capability. 
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The objective of the thesis was to create a simulation 
model that could predict the maximum export capability of 
the NWS, Concord. One way to hypothesize the ultimate 
Capability of an activity was to find the historical maximum 
output of the activity and let that be the maximum 
Capability. This analysis used the historical wmaxiaun 
euvtput of S87,112 Long toms an the first half of 1968 
(Vietnam War period) as a basis for a simulation model, 
emphasizirg bigh productive factors and de-emphasizing low 
productive factors in the activity, to predict greater 
capability. The system considered for analysis is defined, 
restricticns and assumptions stated, and then the analysis 
proceeds, AS the study progressed some of the systea 
boundaries and assumptions were changed or modified and are 


noted. 


The Cencord facility loads ammunition for many ports in 
the Pacific Ocean arsa, otten on the same vessel. Of 
course, stowage of the cargo aboard a vessel requires 
ordering of the cargo being loaded to insure direct access 
by the unloading ports. This model has not provided 
specifically for such ordering of cargo, having thought that 


this function more properly belongs in the planning phases 


- 


of transportation and not the operational loading phase. 
The longshoremen Load what is sent to them and it is this 


aspect of the Conccrd export mission that 1s examined, 
The research indicated that often many records of data 


were not availabie. The intent of tne analysis was to take 


the best available data, both official and unofficial, ani, 
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if appropriate, apply it to the model. Most of the 1968 
data waS kept at Concord for historical reasons only. Not 
all divisions in the Concord facility require or desire such 
information. Consequently some data was from 1968, while 
other data was from 1976 and 1977, and stiil other data has 


Ver been gathered. 


The TRANSIM program has a capability to analyz? a system 
in extensive detail. In the instance of a marine port 
complex, to model movements of pallets, forklifts, dunnage, 
Tailcars and many other small but identifiable units is 
conceivable, but the expense is great and the time involved 
is in terms cf months and years. This simulation of NwWs, 
Cencord was an attempt to model the most significant 
elements in the determination of export tonnage moved. 
Every effort was extended to keep the model as real as 
possible. As the study progressed many decisions regarding 
the system boundaries and data elements centered on the 
issue of realism versus model scope and efficiency. Te keep 
the scope and efficiency managean]?, assumptions and 
approximations were necessary, but they wera always 
juxtaposed against the desire ior realism to insure the most 


reasonable preduct. 


This paper progresses py defining the operational 
process at NWS, Concord, then defining the TRANSIM model in 
its final forms, followed with a derivation of the specific 


data. Finally the results are discussed and some 


conclusicns offered. 
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[V. ASSUMPTIONS 


To build the model, assumptions had to be maie. First 
there were bread, general assumptions which held fer the 
entire model ané all systems considered. Second, there were 
Specific assumptions which were directly applicable to a 
portion of the system, an a2lement of data, or a decision 
rule in the model. However, specific assumptions were not 
necessarily veid of any influence on any other systom 
element cr model decision rule. They could indirectly 
effect ancther element or rule and could thereby influence 
results in more than one way. The specific assumptions are 
listed in Chapter Six while the general assumptions are as 


fcllows: 


1. An adequate labor force was available to «maintain 
maximum strengta of all possible working elements in the 
port simultaneously. 

2. All necessary ejyuipment and maintenance facilities 
were? available to provide sufficient cargo handling 
capabilities for all possible working elements in the port 
Simultaneously with a nominal deadline rate allowed. The 
nominal deadline rat? was presumed to be whatever was 
acceptable hy the activity during 1963 operations. 

3. Sufficient administrative and logistic support was 
availabl< to supply the needs of operational forces. 

4. No container operations were allowed except for the 
occasional deck stowed container which must be loaded with 
ship's qear. 

9 The year 1963 was representative of a balanced 
system at WWS, Concord while handling a record amount of 


ammunition. A balanced system was defined as one where the 


inputs equaled outputs that is, no Cargo was created or 
t 4 t , : 


destroyed within the systen, 


ttc. pitta wa huss cited 


: 
: 
* 
: 


rer: 


V. THE NAVAL AEAPONS STATION, CONCORD TIDAL ARBA 


Before NWS, Concord can begin the planning for and the 
processing of export cardgyv, higher authorities outside the 
facility coordinite Land moveuents of cargo to meet vessels 
in vacious poerts. From tnase authorities, notices of vessel 
arrivals, cargo loads, and destinations are received as well 
aS infornmaticn on cargo arrival by highway and rail. Upon 
receipt or this information, NWS, Concord begins planning 
for th2 positioning of the cargo in the storage areas and 
for the handling of the caryo to provide orderly an’ safe 


stowage of tke cargo aboard the vessel. 


A. PLANNING CONSIDERATIONS 


The positioning of the vans is essentially void of any 
restrictions since the parking area is centrally Ilccated 
with respect to the berths and except for the occasional 
trailer-lcad of dynamite, the van requires no bunkers or 
other protection. On the other hand, the positioning of 
railcars considers the separation of dynamite into specific 
bunkers aud the storago location with refer2nce to the 
expected vessel's berth. Specific bunkers are assigned for 
dynamite cnly, as the need arises. The intlexibility of the 
touting of railcars due to the layout of the track in the 
storage area demands extensive planning for the railcar 
storage Location. Therefore, proper positioning of the 
railcars can prove more efficient when the berth is 
accessible directly from its storag2 location instead of 


indirectly through numerous switches. Although a railcar 
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can be moved to any berth From any storage location, some of 


the track is directly accessible to only 


berths. 


two or four of the 


Vessel berth assignments are dependent upon pro jected 


available berths and upon cargo storage 


the berths have Sssentially 


characteristics. Even though planning 


location since all 


same physical 


done, the berth 


aSsigngent is often changed due to a change in priorities or 


delays of caryo or vessels. These 


Situations to arise. 


BP. VAN AND RAILCAR MOVEMFPNT PROCFDURE 
| 
i; 
| 


When a truck arrives Wiech cars 


received (a paperwork accounting process), 


Changes can cause 


previously developed plans to be discarded and inefficient 


it is inspected, 


and sent to a 


specific numbered location in the storage area. Often the 


prime highway mover transfers the trailer to a U. S. Navy 


owned and operated tractor at the receiving point, so that 


the trailer is parked in the storage area 


by NWS, Cencord 


personnel, At other times local drayage firms, familiar 


with NWS, Concord procedures and facilities, are allowed to 


dak the trailer. OncS vyarked, 
c 


Stationary, without tractor, until called 


a vessel, (Since wost trailers are 


flatbeds, van and trailer will be 


throughout thi paper. Tractor will 


trailer remains 
for loading aboard 


Vans as opposed to 


used interchangably 


refer to the prime 


nOover, and truck will indicate a combination of tractor and 


van or trailer.) 


When a train arrives, NWS, Concord 


tailroad personnel 


are advised, and arranye for the inspection and receiving of 


the railcars. Then the yardmaster 
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re 


directs Switching 


i 
i 
| 


operations to segregate the cars into specific numbered 
bunkers in accordance with the aforementioned plans where 


they remain in storage until called for a vessel. 


When notification of vessel arrival is obtainea, 
operations personnel mobilize the labor and equipment to 
accomplish tke planned loading of the vessel. As specific 
cargo is required for loading, notification is provided 
through a central locator to either the railroad or tractor 
operators to move a particular railcar or trailer frem its 
storage location to a specific locdtion on a designated 
berth. Once the conveyances have been unloaded, the 
railroad and tractor operators are again notified of the 
movement reguirements. Later, notification is given to the 
owner of the trailer or railcar that it has been unloaded 
and is available again tor his use. Once the vessel is 
loaded with its intended cargo, the vessel is secured, and 


provided with sailing instructions. 


Cs AREA CAPABILITIES 


The fcllowing physical characteristics and operational 
limitiations of the NWS, Concord Eacility are noted. The 
Tidal Area has three quays with two berths each for a tora} 
of six berths. It is possible to simultaneously have a C-5 
type vessel at each berth while retaining an ability te work 
all hatches from the quay side of the vessel. Fach quay has 
at least two parallel tracks entering and one track exiting 
the berth areas expanding to four parallel tracks in the 
actual vessel] berthing area. For safety, no more than 
twenty-five loadeil railcars are allowed on a quay at any one 
time, with ne more than fifteen loaded railcars allowed at a 


berth at one time. 


nm 


There are 38 bunkers with a total capacity of 244 
railcars. The bunkers are in three sizes, capable of 
storing either four, eight, or twelve fifty-foot railcars. 
This number of variously sized bunkers allows many storage 
configurations, providing compatibility for all classes of 
ammunition. The distinctions in ammunition compatibility 
which could effect the rail storajye capacity ar2 minimal dune 
to the number of bunkers and their varying size. [In 
addition to the bunkers, there are two classification yards 
that can be used for storage of 287 railcars providing that 
the safety requirements, suct as the area net explosive 
weight ligitation and aumunition compatibility requirements, 
are met. Theretore the actual railcar capacity is 


approximately 531. 


The van storage areas consist of two paved and marked 
parking lots with an approximate total capacity of 200 vans. 
The ability to store a surge of vans, possibly 150 more, for 
a short period of time is possibl> when consideration is 
given to using unpaved and unmarked open areas and even 
roadway shoulders. The only limitations for continued’ 
efficient operations are Localized congestion in a storage 


area and the distance of the storage area from the berths. 


Additionally, van cargo is sometimes transferred to U. 5S. 


Navy owned railcars on station. This provides an addad 
flexibility if the van storage becomes congested. This 
analysis considered the van storage capacity at 200 


trailers. 


In the instances just mentioned, the implication is not 
that NWS, Cencord can stor] an unlimited number of railcars 
or trailers. fowever, it must he emphasized that the stated 
restrictions on the storage capabilities are not the strict 
limitations for the entire facility. In fact, in addition 
to the areas mentioned above, there are additional storage 


areas in the Inland Area. These other Storage areas have 


as 


YZUV TYGIL GYOONOD ’SMN JO d¥W - Z sanbhtg 


. 
Orppise [ome 
“a ai 
2% Den, on 
AaM-W3¥Y Wald Wh 


ee Ser tet 
[he meet Cnmenne"oeeae Tistesee poate eoee 1 
Tie SR sTeetbe tare ie Ahad ote eemete” oo soe 
é aes ara 


been used in the past, specifically in 1968. It is 
important to realize that once the normal railcar and 
trailer storaye capacities, 531 and 209, respectively, have 
been achieved, in all probability the efficient novement of 
conveyances will decrease. This paper did not analyze how 
that efficiency varies but assumed maximum efficency can be 


achieved at the normal capacities stated. 


Pha staticn also has a barge pier and a large number of 
barges for use in tne port area, The barges can be loaded 
by mobile pier-bhased cranes at a separate pier that is 
accessihlée to both vans and railcars. This allows cargo to 
be transferred to a vessel at anchor in the stream or to a 
berthed vessel from the water side, or simply placed in 
temporary storage until required for leading aboard a 


vessel. 


Normal cperating hours for the longshoremen labor force 
at NWS, Concord are 0800 to 1790 hours with a one-hour break 
for lunch, Additionally, fiftean-minute smoke breaks are 
previded after two hours of each four-hour work period. 
During periods of two shifts, the second shift is from 2000 
to 0500 hours with the same breaks as the first shift. 
Other employees that interface with or Support the 
longshoremen may start slightly earlier or later. During 
periods of two shifts, all elements are staffed except for 
the receiving and inspecting functions which work only 


eicht-hour days. 


At the berths, because of safety requirements, there are 
limitations on when switches of railcars and vans can be 


mad@ and the size of the switches. Standard operating 


precedures at NWS, Concord provide for switches between the 


hours of 1200 to 1245, 1700 to 1945, 0000 to 0045, and 0500 
to 0745 when no caryo operations on the vessels occur. 
Switches can alse be made durina the fifteen-minute snoke 
breaxs. Also, safety restrictions Limit the number of cars 
in a Single switch anywhere in the Tidal Area to twenty-two 


railears. 


Additionally, it 185 mandatory that all vans on the berth 
be removed from the track area at the berth prior to any 
movement of railcars, and only after the railcar movement is 
complete at the berth may vans be placed back in position at 
the berth for unloading. This procedure must be followed 
because for unloading, the vans are placed 1cross the 
railroad tracks and thereby restrict railcar movements. 

Nowinal time for the movement of trains is forty-five 
minutes in the berth area. This allows only for the 
positioning of the cars at the berth and does not include 
time for retrieving the desired cars from their various 
storage locations. The retrieval time will depend on the 
number of cars involved, their relative location, and their 
grouping. The nominal tina for a van movement is twenty to 
thirty minutes one-way. This provides time for locating the 
Van, Connecting Lt to the tractor, raising the dolly, 


positioning the van, lowering the dolly, and disconnecting 


the van. 
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This ceapter portcays the system just describad frem the 
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view of i9 modifications of the system and 


the specific assumptions are specified. 


A. SYSTEM BCUNDANTES 


Origineily *he oundaries coincided wita the 
j2ographical perimeter of the NWS, Concord Tidal Area. This 
allowed three openings in the perimeter for the entry and 
exit of cargo. Cargo entered the system by rail and truck 
and left aboard vessels, The @=mpty vessels originated at 
the system boundary at the juays and after loading at the 
berths depacted the system. However, provision had to be 
made fot anchorage of vessels awaiting an empty herth. 
Therefore, the system poundary was extended to include a 
hacbor of sufficient size in which to anchor all the vessels 


that might require waiting. 


Also it was intended that the trains and trucks would 
enter at the boundary gate, the physical device the 
conveyances actually passed through to enter the Tidal Area. 
Due to the lack oft data and in consideration of the 
simulation objective, the function was deemed irrelevant. 
The primary clements in the determination of export 
capability were the number of vessels, the tonnage Loaded, 
and the capability of the storage areas to accumulate 
sufficient cargo to keep the vessels supplied with the 


reguired cargo while not exceeding the normal storage 
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capacity. As a result 


to the truck and railcar 


After the railcars 
berths, they left the sy 
existel enough storage 
within the perimeter of 


and tracks andyor that t 


the system boundaries were drawn in 


storage areas. 


and 


stem. 


= me 
space 


trucks were unloaded at the 
It was assumed that there 


for empty conveyances both 


the Tidal Area and on adjacent roads 


he local carriers would pickup their 


empty trailers and railcars so that the storage of empties 


would not impact on the tonnage 


De BASIC ELESGENTS OF TH 


he TRANSIM proggra 
activity of trarfic un 


identifiaktle elemants in 


E MODEL 


@2xXported. 


TT accounts for the location and 


ies. 


Traffic units are the smallest 


the system. In this wodel, the 


traffic units originally were lony tons, vans, railcars, and 


vessels, The greatest problem in the exercise was the 
Organization of the raw data into a form that would proviage 
efficient use of the TRANSIM w«odel within the time and 
fundina constraints dictated. The first computer run 


roviding detail in term 


incrdinate amount of 


Ss Of tonnage (long tons) used an 


computer capability, and reyguired 


reconsideration of the validity of the four traffic units. 


Dropping long = tons 


first modification of th 


from 


the primary elements was the 


e original plan and resulted in 


Subsequent data approximations and assumptions. The 


Smallest traffic "nits b 
Specifically the trucks 
seemed reasorahle to a 
conveyance from which 


calculated when needed. 


ecane 


the conveyances themselves, 


, the vessels, and the railcars, Tt 


ssune 


qcross 


NM 


an average cargo load over 


tonnages could easily be 
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Even though each van and each railcar nad the same 
average? tonnage as any other van and railcar, respectively, 


it was essential for the model to identify each van and 


ic a 
pa i a A 


railcar to determine times each element spent at a 
particular -activity. Throughout the model, vans were 
identified individually. However, for trains a further 


consolidation was deemed necessary after the early test runs 
continued te show an inordinate demand on computer time aad 
memory while tis model was maintaining individual 
accountability of railcars. MThererore, trains were composed 


of groups of ten railcars. 


This one consolidation caused the most concern in the 
entire model development. Lt meant the complete sacrifice 
of any attempt to model the switching restrictions (22 cars 
per switch) orf berth railcar capacities (25 railcars per two 
vessels with no more that 15 railcars per vessel) and/or the 
allowable switching times, fo achieve both the nost 
efticient ccmputer use and desired realism was not possinle. 
Efficient computer use reguired grouping the railcar units. 
Realism reyguired that railcars be individually identified to 
facilitate the movement of railcars in both the amounts 
specified and at only the allowed switching times. Realism 
had to yield to efficient (in terms of cost) computer use in 


the model. 


c. ALTERNATIVE APPROACHES 


The objective of the project was achievable in two ways. 
The model could be structured to generate cargo from the 
stocage areas at a prescribed rate and load the vessels toa 
predetermined capacity at which time they would sail. Then 


a comparison of Simulated berth times with actual berth 
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times would render possible conclusions. Alternatively, the 
vessels could be called in berth for a prescribed time to 
load a predetermined amount of cargo. Then comparisons 
could be made between the simulated accumulation of cargu in 
the storage area with the physical ability of the storage 
areas to efficiently handle the cargo. The latter approach 


was chosen tor th? following reasons: 


1. Berth time data was available while cargo arrival, 
storage, and handling times could only be guessed, because 
historical data was not available and current data was 
insufficient. 

2. The second alternative seems wore realistic in that 
plans acé usually wade first ror the vessel's carao while 
the handling and storage capabilities of the port are 


secondary conditions, if considered at all. 


Using total berth time as a driving force allowed the 
model tc he less detailed than the switching time 
estrictions, switching size limitations, and the berth 
railcar capacity limitation required. The ten-railcar 
traffic uvit appeared to be a plausible approximation. Two 
of the consolidated units were 91 percent of maximum switch 
size. If only one vessel was at a guay, a consolidated unit 
Was 67 percent of the berth railcar capacity, and if two 
vessels were in adjacent berths, a wore likely situation 
when trying to maximiz> tonnage output, two units were 
eighty percent of capacity. If one consolidated unit of ten 
railcars was associated with a vessel, none of the safaty 
restrictions would be violated and, assuming that a 
reguirement for ali switches and berth railcar storage 
capacities to be maximized all the time is not realistic, 
the number of railcars available for unloading on the berths 


was tolerable. 


Regarding the only other variable, switching time 
restcictions, the allowanc2 for the switching time had to he 
realized in a reduction of the unloading rate. [Implicit in 
this arrangement was the assumption that the units of tan 
Fallcars was neither too large nor too small to nave a 
Significant effect on the tonnage loaded, and that in the 
long run the cargo loaded during switching times would 


balance the lack o£ caryo during cargo loading times. 


De. OATA ELEMENTS 


Raw data Was yotainable either from records or 
interviews fcr most elements within the Tidal Area. rue 
data base consisted of either capacity elements or time 
elements. Capacity elements includ2d vessel loading space, 
van and train storage capacities, and tonnages on vans, 
Cailears, and vessels. Time elements were vessel loading 
and vessel total berth times, interarrival times of trucks, 


trains and vessels, inspection and receiving times of vans 


and railcars, wovenent times of vans and railcars both £rom 
receiving te storag2 and from storage to berths for 


unloading, and unioading times of vans and railcars. 


1. Capacity Elements 


Storage and berthing capabilities were taken from 
existing facilities in April 1977. These were the same as 
in 1963, except for the first forty-five days oft 1968, whan 
two of the berths were still under construction. (All = 19468 
Gata in the model has been prorated to provide an equivalent 
full yeat's capability.) In the past, vessels at N&S, 
Concord have occasionally loaded cargo, usually in ver 


Stall tonnages, while at anchor in the stream and _ have 
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loaded vessels from the harbor side of a vessel while at 4 
berth. The stream operation was not considered in the model 
but the barge operation on a berthed vessel, while not 
specifically modeled is allowed in the way the model 


evolved. Therefore six vessels, one per berth, were 


considered loadable at any one time, 


The model assumed a nominal storage capacity of 530 
railcars and that safe storage could be provided all types 
of ammuniticn. For the model the van Storage capacity was 
200. Storage of cargo on barges was not included in the 


model. 


In 1968 NWS, Concord exported a record number of 
long tons of ammunition and this was thought to be the most 
appropriate year in which to base the model to determine the 
port's ultimate capahility. The official manifest tonnages 
of 1964 vessels were avallable and were used in the model. 
The data indicated a broad spectrum of tonnages loaded 
aboard vessels, from elght tons to over tan thousand tons. 
In order to categorize vessels, they were divided into ten 
Classes, each class with a range of one thousand tons. This 
allowed for a distribution of tonnage by class and also a 
distribution of vessel frequency by class. For each class 
ah average tonnag? was calculated and used as the tcnnage 


for that class of vessel. 


Truck and rail tonnages were not available for 1968. 
This data was taken from 1976 records and averaged to cbtain 
a nominal] tcnnage per conveyance. The implicit assumption 
is that the tonnage per conveyance would not change 


significantly over time. 
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Much ot the time data was not recorded; in fact, 
only the total berth times of the vessels were recordel. 
However, from the berth time data, vessel interarrival tines 
were calculated. Although not vecorded, the working tise of 
a vessel was the only other time data that had a possibility 
of validation. Records did not indicate the precise working 
and non-working times on a vessel. Since only a guess, 
based on normal working hours, could be made on vessel 
loading times, all vessel tonnage capacities and loading 
rates were based on total berth time. To determine the port 


capability two shifts were assumed. 


Because of the aljustments of the system boundaries 
to the storage area, it was not necessary to represent 
inspection times, receiving times, or movement tines of vans 
and railcars into their resvective storage areas. The 
critical issue was to show an arrival of vans and railcars 
into a storage area where they could be available for 
unloading to a vessel. Aut no records of truck or train 
interarrival times were available. To model cargo arrivals, 
NWS, Concord employees wert interviewel to obtain their 
"best guess." Fort vans, the arrival process occured over an 
eight-hour span in the day shift, while the railcars were 
usually «moved in a group at one time during the day or in 


grcups otf railcars just a few times a day. 


The simulation allowed trains to arrive only at 0800 
hours, precluding miltiple time arrivals during the day. 
Since tne usual practice in ports is to have cargo on hand 
prior to a vessel's arrival, this assumption was not 
unrealistic, However, to simulate the arrival of different 
numbers of railcars during a day the number of train 
arrivals was said to obey a distribution of one train 
arrival 50 percent of the jays and either no train arrivals 
Or two train arrivais, each 25 percent of the days. 


Depending on expected vessel berth occupancies, the number 


of trains, with ten cabs per train, could He 
probabilistically varied to satisfy the vessel cargo 
requirements. Tie overriding influence was to balance 


inputs with outputs and ensure sufficient railcars in 


storage to allow the system to operate in apparent realisn. 


Truck arrivals were simulated differently. Dt 
seemed appropriate to represent truck arrivals by a Pcisson 
distribution. Except for a possible buildup early in the 
receiving period, the Poisson distribution would represent a 
random arrival pattern. However, the Stipulation was 
included that trucks could be received only hetween 0800 and 
1600 hours te simulate the real-life situation of trucks 
being received for only one eight hour shift. The Poisson 
distribution worked on a twenty-four hour basis but specific 
rules were included in the program to cause trucks that 
arrived between 1600 and 0860 hours to Leave the system with 
no other action. The mean interarrival time was dictated by 
balancing the output of trucks with the input of trucks for 
the syste. The mean interarrival tine was calculated by 
dividing the allowed eight hour receiving period by the 
averaj2 number of trucks to be input daily into the system. 
Again, the effort was directed to ensuring sufficient 
arrivals in the period to match the demands of cargo by the 


vessels, 


As a check of this hypothesized model, the timing of 
cargo input was considered a function of tonnage, as already 
inferred. Tc provide for caryo input, cargo coming into the 
system was assumed to eyual the cargo coming out of the 
system over along period of time. Specifically the model 
was structured to have the cargo entering by trucks and 
trains equal the cargo ioaded on vessels in a six month 
period. with the knowledge of the tonnage exported and the 
tonnage per truck and train, only the arrival rates had to 


be determined for the trucks and trains. However, the ratio 
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of vans to railcars was not available. A "best guess" by 
some of the experienced employess at NWS, Concord was the 
best intormation available. A ratio of three railcars to 
every truck was determined to best represent the actual 


Situation. 


The cnly unresolved times were van and raticar 
movement times from storage to berth and the railcar and van 
unloading times. Again no specific records were available 
and the basis or the model was conversation with oxpertenced 
NwS, Concord employees. The best solution was an attempt to 
represent the vessel pbetth time in terms of cargo leaded. 
Assuming the ratio of railcars to trucks remained the same 
as the receiving rate (three to one) it was possible to 


calculate a vessel loading rate. 


The wodel did not count the movement time from 
storage to berth. In effect, this time is made a part of 
the loading time of the vessel. Without including the 
switching limitations described earlier, the movement time 


has no meaning in any case. 


Es SYSTEE SUMMARY 


In Summary the model is set up with three independent 
variables: vessels, vanS, and railcars, and several 
dependent variables, which cannot be statistically verified. 
Therefore several pilot runs of the plLogram were made, 
relying on the author's judgement to recodnize an improbable 
result and correct it. Apparent errors in the functional 
data relaticnships were found, and production runs were not 
made until the model was able to replicate real situations 


in the past. The actual operating rules of the model are 


defined in Appendix A. 


Specitic assumptions stated above are summarized 


t becal carriers pick up eapty conveyances Or 


sufficient van and railcar storage space exists such that 


empty vans and railcars do not impact on export tonnage. 
iB 


2. Movement times of conveyances from storage to kterth, 
and switching limitations can be incorporated into an 
avérage vessel loading time for all classes ot vessels. 
3. Vans and railcars consolidating pallets of cargo can 
properly represent tonnaye loaded aboard the vessel. 
4. Railcars in groups of ten can be moved as unit 
throughout the systen. 
5. The historical relationship between vessel tennage 
and berth tiwe iS valid for any time period. 
cargo mix of various explosive categories can be 
safely stored in the normal areas, 
The randcmness 0 the Simulation's Monte Carlo 
technique provides mean values over a six month period. 
8. Hypothesized arrival distributions and interarrival 
times are valid approximations of the real situation. 
9. The average ratio of rallcats to trucks in and out 
of the system is three to one. 
10. Loading operations with vessels in the stream are 
not allowed. 
11. The average van and railcar tonnayges are constant 


over time. 


THE 


Numerous assumptions have been made in 


an 
ab] 


transform the real situation into a form accept 


the TRANSIM program and etficient computer 


is only appropriate to be more specific in the 


to organize the raw data into parameters, 


the simulation rutr I listributios ssel cl 


vessel vans and 


per Vos vans 


and the 
constant 


while the 


erfects 


istribution 


For each vessel that arrived and 


tucnaround) frem January 1968 through June 1968, 


data furnisted he name of the vessel and its 


tonnage in leng tons. This lata yrdered and 
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histogram f (Appendix J) with 
all 


highest "an ye of 


tonnage (the intervals were equal to 
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lowest tecnnage interval (0 to 1000 Long tons) was assigned 
class 1, and the classes progressed consecutively higher to 
class 10 (9000 long tons and above). By dividing the number 
of ships in each class by the total number of ships (76), a 
distributicn of vessels by tonnage class was achieved 

Figure 4). In the TRANSIM program this distribution was 


called the "shiprule." 


One qualification of the raw data stated above must 
be clarified. Recall that the only data used was for ships 
that completed a turnaround within the six month period. 
This eliminated any vessels on berth at the beginning of the 


> 
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period and also those that failed to complete operations 


the end of the perio: Remember also that AFsS are not 
includeé and that vessels involving any discharge operation 


are not included. 


VESSEL CLASS 


VBSSEL CLASS DISTRIBUTION 


The same raw data apove also contained the vessel's 


arcival and departure times from its berth. From that data 


total berth times, to the nearest quarter hour, were 


calculated for each ship and plotted against the vessel] 


Class in which that ship belonged. Within the vessel 


Classes, there appeared no correlation between vessel berth 


tire and tonnage loaded. However, there was a trend of 


time with corresponding increase of vessel 


increasing berth 


class, which was expected. 

The herth times in each vessel class were simply 
averaged to okftain a mean, To give the sawe randomness to 
the Simulation that the raw data for each class did reflect, 


a ten percent spread on either side of the mean was 
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acbitrarily e@ssigned to a triangular distribution {Appendix 


K). (The triangular distribution is a device incorporated 


in TRANSTIM that asSigns probabilities). The variance was 
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strictly arbitrary and was adjusted for the large class 


vessels, after test runs indicated invalid results in which 


the higher class vessels were not able to achieve their 


net a ORS Fe 


prescribed tonnage in the allotted time. Therefore, vessel 
classes eight, nine, and ten had increased variances to 
rectify this problem (see paye 48 for discussion of leading 
times). Figure 5 gives the distribution of berth times for 


the various vessel classes. 


Figures 


TEME ON BERTH 


AVURAGS 


114.3 
Vas 6 
123.4 
189.2 
204.1 


206.1 


MOST 


CLASS 


and Railcars per 


It was desirable to make the tonnage for each class 
of vessel an even multiple of tne raLtlcar tonnage to avoid 
the necessity of accounting for partial loads in vans and 
railcars, which would be another burder upon computer 
storage anda complicating element in the model. Therefore 
the vessel tennages, although based on the average tonnage, 


were appreximations. 


To determine the tonnage unit required, the averade 
tcnnayges = per van and railcar were found. The only 
reasonable record of van and railcar tonnaqges was from 1976. 


It is logical to expect the average tonnage of vans and 


railcars to be relatively constant over time. The one 
possible caus¢ for variance might he the nature of 


ammunition required due to a particular type of conflict 


(napalm bombs are much lighter than explosive bombs). 


Val and railcar tonnages were basad on lata 
generated in the first six months of 1976. The average long 
tons per van and the average long tons per railcar were 
calculated to bs 15.9 and 53.2 respectively. After many 
trials at what might have been evon multiple combinations 
that seemed reascnahle, 18 long tonS was chosen as the 
averaye weight of a van with 54 long tons the average weight 
of a raticar. Conseyuently each average vessel tonnaye was 


rounded to the nearest multiple of 54 lona tons. 


Although these tonnages were included in the 
computer input data, they were not actually used in the 
Simulation due to the 2limination of the long ton traffic 
unit. Figure 6 snows the actual average long tons per 


vessel clags and the average used in the simulation. 


VESSEL CLASS LONG TONS 
STMULATED ACTUAL 


540 
1670 
2154 
3738 
45574 


5409 


ACTUAL VS. SIMULATED TONS PER VESSEL CLASS 


The number of railcars and vans per vessel class was 
an easy calculation once the ratio of railcars to vans was 


established. Applying the 3:1 ratio assumed above, the 


solution of two simultancous equations provided the number 


of vans and railcars. The equations were: 


1.) CARGO TONNAGE ABOARD VESSEL = 


(NUMBER OF VANS) (18 LONG TONS PER VAN) + 


(NUMBER OF RAITLCARS) (54 LONG TONS PER RATLCAR) 


2-) NUMBER OF RALLCARS = 3 (NUMBER OF VANS) 


The ceneral feeling of versonnel at NwS, Concord was 
that the tonnage received in railears in relation to the | 
same for trucks had decreased in the past few years. 
Without data this was impossible to verify and it is only 
hoped that the data, if available, would prove relatively 
consistent with what has been hypothesized. When it became 


apparent that the grouping of railcars into units of ten was 


a more efficient way to model tae system, the result was a 
necessary rounding of the number of railcars, or trains, per 


vessel to the nearest multiple of ten and conseyguently an 


| 
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effect on the van/tailcar ratio to achieve the desirad 
tonnage per vessel class. The results of this consideration 


is summarized in figure 7. 


VANS RATLCARS 
ACTUAL THEORETICAL ACTUAL THEORETICAL 


10 
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40 
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Figure 7 - ACTUAL AND THEORETICAL NUMBERS OF VANS AND 


RALLCARS PER VESSEL CLASS 


Consideration was given to making the distribution 
of railcars and vanS per vassel random, but was not 
implemented for three reasons. First there would be no 
assurances that the length of time or numper of vessels 
generated in the simulation would be sufficient to cause the 
average tonnage in 2 vessel class to achieve its desired 
level. secondly, th vessel berth time was an independent 
and overriding factor on tonnage loaded, that is, even 
though the simulation may have generated a higher than 
average number ot railcars and vans for a vessel, there was 
no way they could be loaded on the designated vessel once 
its berth time had elapsed. Finally, the distribution would 
have been a guess, and that would only compound the 
uncertainty already incorporated in this part of the model. 
This determination of traffic units per vessel was 
necessarily uncertain and, regrettably, the detail which was 


initially desired sacrificed. 


4. Unloading Times of Vans and Railcars 


As previously discussei, the actual time of loading 
the cargo from vans ind rcailcars onto the vessel was not 
documented in records at NWS, Concord. In any instance, 
this would have been difficult to correlate wita the total 
berth tiwe cf the vessel which also included significant 
amounts of non-productive time. Therefore by trial and 
error, considering the number of traffic units necessary to 
achieve a desirel vessel tonnage class, the ratio of trucks 
and vans unloaded, and the vyerth time of the vessel, 
unloading rates were obtained. The nominal timas used were 
ninety minutes for a van and two hours for a railcar. To an 
experienced port operator these times may seom high. But 
recall that this rate of unioading considers not only the 


Sixteen hours of available productive time in a twenty-four 


y7 


A he le me 


PRR pee secipsens” 


hour period but also, shift changes and breaks, meal times, 
vessel ricging times, cargo compartment opening and closing 
times, blocking and bracing times, vessel tine between 
docking and commencement cf operations and time between 
ceasing cf operations and sailing time, cargo delays, 
equipment breakdowns, and short hatches. The riyures seem 
more plausible when the average tons loaded on a vessel per 
hour of berth time for the January 1968 through June 1968 
period was 25.8 long tons. In the pilot runs of the 


simulaticn these times were analyzed very closely to insure 


that the cargo was loaded within reasonable times of the 
vessel idieparture. [The times were adjusted somewhat, along 


with vessel berth times (see page 41) to insure the 


simulaticn was as realistic as possible. 


railcars the unloading rate could vary. Based on interviews 


with operating personnel at NWS, Concord a spread on either 
side of the mean Loading times of 45 percent for vans and 30 
percent for railcars was assigned. In the pilot runs this 
randomness v%vaS monitored and provided reasonable realism to 


the Simulation. 
5. Interarrival Time for frains 


fhe tasic idea for rail arrivals was to have an 
average cf one train a day arrive and to vary the number of 
railcars in the train to make the number of railcars 
variable. However, it was a simple task to also vary the 
humber of trains per day and achieve more realism. 
Therefore, still basing the train input on a mean 
interarrival time of one per day, the number of trains was 
allowed to vary from 0 through 2 per day on a Stepwise 


uniform jistrihution. 


anne 


Be PARAMETERS TO Be VARTED EN SEMULATIONS 


The variahle elements of data include the interarrival 
time of vessels, the interarrival times of trucks, and the 


number of railcars per train. 


i, Intertarrival Pare of 


i€@ averads jaterval between ship arrivals was 
calculated from the number of vessels in the six months 
compared with the total time in hours. The original result, 
based on seventy-six vessels, was a mean interarrival time 
of fifty-seven hours. fhe distribution of arrivals was 
Specified as Poisson. The Poisson distribution was used 
throughout the simulation runs but the mean interacrival 
time was changed depending on the number of vessels Jesired 


tor berthing in each run. 


With the available berth time fer six berths over 
180 days equal to 25,920 hours, and the historical data hbase 
giving an average of 197.5 hours berth time per vessel, the 


eguations used to calculate the mean interarrival time were: 


1.) NUMBER OF VESSELS = 


LE Ea NETS it Selene NAAM AOR NE SRN TITS 


TOTAL BERTH OCCUPANCY TIME 


+1 


AVERAG® BERTH TISE PER VESSEL ' 


(OCCUPANCY RATE) (AVAILABLE BERTH TIME) 


} AVERAGE BERTH TIME PER VESSEL 


(OCCUPANCY RAT#&) (25920 HOURS) 


197.5 HOURS PER VESSEL 


2e) INTERARRIVAL TIME = 


TOTAL TIME 
NUMBER OF VESSELS 


2. Interarrival Times for Lrucks 


The distribution for truck arrivals was also assumed 
to be Poisson. For the original runs the mean interarrival] 
time was forty-five minutes. With this distribution the 
number of trucks entering, leaving, and stored in the 
steerage area seemel reasonabl> in the test runs. HOWeVer, 
when greater tonnage requirements existed due to increased 
berth occupancy it was noted that the relationship between 
truck arrivals and vessel classes on berth was extremely 


syuirad great numbers of vans 


erttical. When vessels that 1 


were in a certh, there were insufficient numbers of vans in 


storage to satisfy the demand. Therefore, in later runs, 


the mean arrival rate was arbitrarily increased and 
decreased depending on the supply of trucks, resulting ina 
non-homogeneous Pcisson distribution. This gave added 
realisn to the wodel beacause the nature S£ truck 


transportation ani truck detention rates are such that 


trucks are used when the interface time with another mode is 


imminent cr short. To calculate the mean time when the 
vessel leading treguirements wers varied, the following 


equations, with the historical data base giving an average 
£ 25.797 vans per vessel {assuming the 3:1 railcar:van 
ratio, adjusted only fer rounding due to the grouping of 


railcars), were used: 


1.) NUMBER OF VANS PER D 


> 


Y = 
(25.197 VANS PER VESSEL) (NUMBER OF VESSFLS) 


NUMBER OF DAYS PER PERTOD 


ah Number of Railcars per Train 


a 


he number of railcars per train was a direct result 


of balancing inputs with outputs. The average number of 


the historical data base (assuming again the 3:1 railcar:van 
ratio, idjusted only for rounding due to the grouping of 
railcars). The following eyuation provided the number of 


trains required: 


(8.593 YRAINS PER VESSEL) (NUMBER OF VESSELS 


a ee eee 
NUMBER OF DAYS PER PERIOD 


If the result contained a fraction, for example 5.4, then 
cars per train was given a distribution of 60 percent of the 
trains with five groups of ten railcars and 40 percent of 
the trains with six groups of ten railcars which provided a 


mean Of 5.4 groups of ten railcars per train. 


om ca a 


Five simulation runs o 


fipske “ERKeo Cuns, Tf, 7 
replicate the original sit 
were made with the param 
upper limit of NWS, Concor 


the stucy ire iacluded 


Summarized in Figures 8 and 


UnS 


ry 


Simu laticn 
attempted to validate t 
' nt 


percen of percth occttipaicy 


of ships cf the historical 


f 180 day periods were made, The 
Ly infl TIT, were made in crder to 
lation. Simulation runs IV and V 
ters varied to attempt to find the 
i*s capability. The results of 


41S Appendices E througn I and are 


7 and III were the cuns that 
he wodel's accurancy, comparing 
, tetal export tonnage, and number 


lata with the simulation results. 


a 
The historical data indicated a total of 76 ships exported 
approximately 387,000 long tons with a 62.5 percent berth 


cccupancy for the first s 
was a small variance in 
bracketed tke original hi 
Simulation run II was almo 


data. 


The rewaining data gen 
be validated historically 
facilities in an attempt ¢ 
Particular wttention was 
storage. Simulation run [ 
of vans and railcars in 
be expected in comparison 


that the caryo was arrivin 


were loaded. 


ix months of 1968. Although there 
the three rcuns* results they 
storical data very satisfactorily. 


st identical with the historicad 


erated in the simulation could not 


1 be compared with actual 


re 


but cou 
>) judge the result's plausibility. 

given the vans and railcars in 
generated a seemingly high number 


” 


storage. To a degree, this w 
with simulation runs II and IIT in 


Jj at ths same rate hut fewer ships 


However 


adjustment 


because t 
Therertore, 
arrival rat 
when vans 1 
when Vans 
the storage 


further leatailed inalysis indicated an 
in the VAN. AaELiValL rat might be necessary 
h number of vans was steadily increasing. 
Simulation runs II through V had variable van 
es applied to the model to reflect fewer arrivals 
n storage approached capacity and mor acrivals 
in storage were Low. Henceforth, on the average, 

Leqguirem@ents were consistently within the van 


storage capacity with the normal capacity being exceedsd 
enly in cne run by 26 vans which was felt to be tolerable. 

RailcarsS in storage lid not indicate any pecific 
necessary adjustments, but proved somewhat. inconsistent. 
The inconsistency wa joticeable in the trends of berth 
occupancy, tcnnaye exported, and the number of vessels, none 
of which Set-any correlation with the numbers of railcars in 
storage. 9c Simulation runs I and V there are significant 
difference from runs JI, LII, and IV in the average number 
of rallcars in storage. 

Ther waS another trend that had to be considered in the 
seeking of a maximum sxport tonnage. The percentage of 
Ships turned around without any delays waiting for berth 
generally gecreased i the perth occupancy and tonnage 
increased. Ehis Aappegred to be Logical in that wnless 
vessels were followiny an extronely precise schedule, there 


would undo 


Every time 
revenue 
el, 


results 
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> 


An 
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produced 
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in a 180 da 
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results 
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ubtedly be delay t 


i vessel is delay 


moving any car 


idle 
icated that 
tonnayes, 
indicat 


ibo 


5 ed. 


the 


iLhes somewhere in their voyage. 
1, that vessel is not producing 
jo for the charter price cf the 
n be extremely costly. Tne 


‘h occupancy, although having 


roduced more vessel delays. 


the greatest export tennage 


ut 610,000 


This 


99 .R 


long tons. 


assumed distribution with 


percent berth occupancy. However, this operatior could be 
extremely costly jue to the numver of vessels in a queue 
awaiting a berth. Such a high berth occupancy rate is not a 
very probable operation because too small an allowance is 
previded for vessel switching times and other delays that 
Are bound to occur in the real situation. It was notable 
that such a high berth occupancy put demands on the storage 
facilities that were felt to be tolerable. 

A more reasonable export tonnage mark to obs sought is 
about 500,000 long tons which reguired 97 vessels of tae 
assumed distribution with 77.5 percent berth occupancy. 
Thre only unfavorable factor appears to be the ship delays. 
The cost of shit jelays may b significant, possibly 
somewher betwee a cost of the historical operation in 
1968 and the hypothetical 610,000 export tons operation. 
YWOwever, i Gh.S peresent yerth occupancy allows for the 
possible discharg2? of vessels, the handling of AEs, ind/or 
the vacant time that would probably occur. 

An element of concern could be expected when analyzing 
storage requirements for such a tonnage exported. Again, 
the data was not conclusive, but consideration had to be 
given requirements posed by this simulation that showed the 


normal 


deficien 


aveLtaye 


-allcar storage 


Capacity 


would be seriously 


t, reguiring 1.8 times the nominal capacity on the 
ind with a peak of three times the nominal capacity. 


STATISTIC 


Berth Occupancy 


Van Exports (No.) 


Van Exports (Tons) 


Rail Exports (No.) 


Rail Exports (Tons) 


Total Exports 


Number of Ships 
% Ships W/O Delay 


Max. 
Ave. 
Max. 
Ave. 
Ave. 


Ave. 


Vans Stored 
Vans Stored 
Cars Stored 
Cars Stored 
Time Van Stored 
Time Car Stored 


Figure 


52.7 
1650 
29700 
547 
325080 
354780 
69 
87.9 
345 
177 
1420 
722 
366.0 
454.3 
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SIMULATION RUN 


II III 


60.3 69.3 
1929 2253 
34722 40554 
597 659 

322380 356860 

357102 397414 


77 90 
64.9 66.3 
226 185 
98 Bie: 
500 650 
114 136 


204.5 96.0 
78.5 75.0 


IV 


99.8 
3132 
56376 
1026 
554040 
6104 16 
127 
0.0 
150 
55 
520 
105 
72.2 
42.5 


COMPOSITE RESULTS 


55 


77.5 
2496 
44928 
8490 
453600 
498528 
97 
44.3 
196 
94 
1530 
900 
153.9 
404.9 


| 

| VESSEL CLASS STAULATION RUN 

| i tl 5 CV V 

O14 8 3 6 3 S 
02 1 ») 4 4 1 
03 2 j 0) 5 4 
O04 7 4 3 3) 2 
05 10 14 1R US 1b 
Ub 23 22 25 35 22 
O7 14 22 20 30 27 
( 4 ; 3 12 } 
09 a) 9) 1 3 1 
1( ) 1 0) 0 ) 
TOTAL 69 Ti 90 eens 17 

Figure Y= ACTUAL NUMBERS OF VESSELS IN BACH CLASS FAR 


EACH SIAULATION 


Ex. CONCLUSTONS 


This thesis has attempted to both define a Simulation 
model for an ammunition water port, specifically Nws, 
Concord, and to utilize that model to determine a potential 
capability of the port. The analysis has been Limited in 


scope but is useful in wodeling a port in general teras. 


Two conclusions can be irawn frem the analys First, Nas, 
Concord can export a Signiticant increase in tonnage, up to 
approximately 610,000 long tons, and second, the impact on 


the storage areasS is not conclusive. 


fo inerease the actual >xport tonnage loaded ahoard 
vessels is a distinct possibility bunt it has some very 
definite ccsts. Such an operation excludes any discharge 
Operations and precludes the servicing of any AES. In 1968, 
AE's occupied a berth at NWS, Concord 7.5 percent of the 
time, while vessels involved in discharge were present 11 
percent of the time. L6 ad is possible to perform the 
responsibilities incurred with these vessels at another 
port, the increased tonnage provided by merchant marine 
cargo tyve vessels instead, could be significant. However, 
to insure sufficient vessels ate on hand to receive the 
increased tonnage, would necessitate a great increase in the 
vessel delay times awaiting berth. A cost-benefit analysis 
would be appropriate to determine the break even point 
between the increaSad capability and the increased cost from 
non-productive vessels. An indication of the trend of delay 
times and tennage capahilities can be obtained by comparing 


Simulation runs II, IV, and V. 


The increased tonnage just mentioned is a realization of 


ts 


the capability provided by the number of 2ssels, berth 
space, and vessel leading rates. However, to conclule 
anything about the ability of the sturage areas to handle 
such amounts of tonnage is not so easy. Lt is digeticult. to 
determine with the results aerein what might happen in the 
stcrage areas. There are no definitive trends that would 
indicate whether the storage areas are sufficient under the 


conditiors analyzed. 


The extreme variances in the results do indicate that 
the vessel class mix, the sequence of vessel class arrivals, 
and even the railcar/van ratio loaded aboard a vessel are 
extremely important. That the model could not be detailed 
in this area may be the reason tor the indecisive results. 
The assumptiecns made regarding the distribution of vans and 
Tallcars aboard a vessel have a direct effect on the 


drawdown or buildup of conveyances in the storage area. 


Any ccnclusions abont the storage area need to have more 
runs made and passibly a hetter data base regarding cargo 
types loaded aboard a vessel and the frequency of such cargo 


types. 


It is worthwhile to have the model developed as it does 
at least provide a vehicle-to analyze an ammunition port 


with a rather standard operation. The model can be used for 


comparative ‘analysis between ports and, with more 
replications, may bvrovide mure conclusive results. TRANSIM 


is a tool that has proven relatively easy to use, at least 
i Z ’ 


in this rather general view, and is worthy of more use in 


- 


this area. 


Xe RECOMMENDA 


Fucther study of this port could prove both interesting 
and worthwhile, Future analysis of the same system might 


explore a number cf areas, 


To increaSe the number of runs, if funds were available, 
for a broader statistical hase would be of considerable 
value. Different s=eds to the random aumber generator could 
be used and the variable parameters could be changed to 


generate possibly differant and/or more conclusive results. 


Although it Would reguire a greater expense, the systen 
could he redefined to include some of the more detailed 
operations or those that had to be excluded. This mignt 
previde more cealism in that some of the assumptions could 
be deleted. Such detail, however, would reguire a broader 


raw data base on which to base the new operations. 
t 


oy 


Obvicusly one area that can be studied is the 
relationship of the storage requirements with cardo input 
and vessel Loading. It 18 suggested that this might be a 
reasonable study, with limited funds, that involves 
primarily an analysis of the constant parameters. A number 
or runs changing these data elements might prove nost 


illuminating. 


| 


APPENDTX A 


OPERATING RULES OF THE MODEL 


The operating rules of the model are defined in the 
order cacyo might flow through the system. Some duplication 
is necessary to provide for the movement of cargo by the two 
modes of van and railcar. The index to the left of the 
discussion of each element or rule refers to the sample 


pregram in Appendix B. 


tee Trains (ten railcars each) ace generated randomly 
by a given interarrival time distribution. 
Example: 2a Po 0 30 2 1 DAY 25 — 2-DAY 
Lnterpretation: 25 percent of the days no trains 
Will arrive; 50 percent of the days one train 
Will atrive; 25 percen of the days two 
trains will arrive, 
Ze The multiples of ten railcars pér train ire 
generated randomly by a given distribution. 
PFxample: VRE = 30 PS 50 P 4 
Interpretation: 50 percent of the train arrivals 


percent of the train 


Ke 


have 30 railcars and 50 
arcivals have 40 railcars. 
3. At the storage area a train substitutes into a 
number of railcars. 
EXample: TRAIN S RULE NRR RAILCAR 
RATLCAR S CARGORRA 
CARGORRA R RRGATE 


Interpretation: At the storage acea oa train 
substitutes into a number of railcars 


60 


eee 


just determined (by the previous two steps) 
which substitute into rail cargo units which 
are routed from the storage area to a 


checkpoint (RRGATE). 


4, Trucks are generated randonly by a given 
interarrival time distribution. 
Example: TABLE TARTRCK POISSON 45 MIN 
Interpretation: A truck will arrive according to 
a Poisson distribution with mean interarrival 
time of 45 minutes. 
5. At a checkpoint trucks will be routed dependent on 
the time cf day. 
Example: ELEMENT TRORIG 
TRUCKEN S TRUCKGEN + CARGOTRA 
CAKGOTRA 800 AM O 
1600 PM STORAGETR 
2400 PM O 
Interpretation: At the point TRORIG, trucks will 
be routed to the truck storage area if 
between 0800 and 1600 hours on the day 
clock; otherwis2 they will leave the systen. 
De At the storaye area van cargo units are routed to 
TRGATE. 
Example: ELEMENT STORAGETR 
CARGOTRA R TRGATE 
Interpretation: Vans enter the storage area and 
will flow out through a "gate" as vans of 
cargo (CARGOTRA). 


7. Vessels are generated randomly b a given time 


~ 


distribution. 
Example: TABLE TARVSH POISSON 57 HR 
Interpretation; A vessel will arrive according to 
a Poisson distribution with a mean 
interarrival time of 57 hours. 


8 The vessels that arrive enter the system as cne of 


51 


ten classes with a given distribution. 
Fxample: SHIPRULE = 6.6 P VESSELO1 
7.9 P VESSELOY 


21.1 P VESSELO? 


Interpretation: 6.6 percent of vessel 
will be class 1; 7.9 percent of the 
arrivals will be class 4, and 21.1 


vessel arrivals will be class 7. 
9. The vessels of a particular class are 
random total berth tims according to a given 


TABLE BERTHOS TRIANGLE 0 Y 


20:4. 4 


Example: 
HK 224 


will 


t 


Interpretation: A vessel 5 


berth time according a 


distribution where zero percent of 


percent 


ret ih ail Ala ila iil 


acvivals 
vessel 


of 


q iven 


distribution. 


184 HR 


have a 
riangular 


time 


it will be on berth 184 hours or less, 50 | 
percent Of the time it will be on berth 204.1 
hours, and zero percent of the time it wiil 
be on berth 224 hours or more. 
10. The vessel iS assiqned a berth. 
Fxample: FLEMENT HARBOR 
SHIP S RULE SHIPRULE 
VESSEL** B BERTH! IF VESSEL** BVESSEL¥* 
AT BERTHT FQ 0 OW 
VESSEL** R BERTH2 IF VESSEL** EVESSEL** 
AT BERTH2 EQ O Of 
ETC. 
VESSEL*®* R BERTH6 LP VESSEL** EVESSEL** 
AT BERTHS EQ 0 OW 
WAT? 
Interpretation; The arriving vessel qoes to berth 
1 if there is no vessel of any class at barth 
one; otherwise it screens berth two, three, 


finds an empt 
full 


ind then occupies it. 


four, wntil it 


LE abi 


ete, 


berths are it waits unti 


empties 


berth. 


berth 


Y 


lL @ 
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APPENDIX B 


SAMPLE OPERATING RULES 


| 


This appendix contains a sample of the operating cules 


used by TRANSIM for tha NWS, Concord model. The 
¢ 


portions of the figures are explained im Appendix A. 
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APPENDIX C€ 


INITEAL SITUATION IN FHE MODEL 


The model was provided an initial situation in order to 


have som Sperations in pregress at the start cf the 


Sipulation. Figure 15 is a sample of the initial situation 
provided to TRANSIM. The railcar and van storage areas had 
500 railcars (that is, 50 x 10) ana 150 vans respectively. 
Fach berth had an empty vessel prepared to load. The vessel 
Classes chosen were representative of those classes most 


often loaded at tne 
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STCRAGERR TYPE 
STORAGETR TYPE 


BERTH2 
BE RTH3 
BERTHS 
BEFTH1 
BE FTHS 
BEFTHE 
TRCRIG 
HAFBIR 


TYPE 
TYPE 
TYPS 
TYPE 
TYPE 
TYPE 
TYPE 
TYPE 


STOCRAGERR TYPE 


CARGORRA 
CARGOTRA 
VESSELOS5 
VESSELO4 
VESSELO6 
VESSELD7 
VESSELCS 
VESSEL91 
TRUCKGEN 
SHIP 
TRAIN 


UNITS 
UNITS 
UNITS 
UNITS 
UNITS 
UNITS 
UNITS 
UNITS 
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APPENDIX D 


ITERATIVE PROCESS OF TRANS IM 


This appendix provides a demonstration of the processes 
the computer tollowed during the simulation. The output 
shown has been extracted from one of the test runs used to 
verify the logic of the model. There were some errors in 
this test run and the reader, therefore, is cautioned to pay 
attention only to those portions described, which are 


accurate images of the model. 


Items of interest are provided at the following event 


times: 


15-14-51 A ship originates in the harbor and becomes a 
vessel (#60635) delayed in the harbor awaiting a 
berth because all berths are full. 

15-13-11 A truck enters and immediately leaves the system 
because of its arrival between 1600 and 0800 
hours. 

Wo=td=535 A unit of railcars (#63187) completes 
consolidation with the current carorder (#59134). 
This completes the loading function of this unit 
at berth 4 and generates a completed order (NRR 
#60625) at berth 4 At the Same time the next 
carorder (59124) moves to the loading element 
element (MOVE 4) at berth 4 where it matches up 
with the current rallcar cargo (CARGORRA #63137) 
trcm the RRGATE. Also the next railcar cargo 


(CARGORRA #60934) moves trom storage to the RRGATE 
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0-21 


awaiting the next carorder. (Author's note: in a 
later program "MOVE" was changed to "LOAD" to more 
accurately reflect the actual loading function 
being performed. The words have the same meaning 
throughout this portion of the extracted output.) 
A tYain of 10 cars arrives, and becomes railcar 
cargo (CARGORRA) in storage. 

A truck arrives during receiving hours and becomes 
van cargo (CARGOTRA) which passes through the 
TRGATE to the loading (MOVE 3) function at berth 
} where it peginS consolidation with the current 
vanorder. (In this case the truck storage area 
Was empty Of vansS explaining why the van went 
immediately to a berth. If the van storage area 
was not depleted, the van would have bean delayed 
in storage sdmilar tO the rallcars arriving at 


16= 8= 00) 


The once empty class 8 vessel (#55903) at berth 
1 consolidates 311 completed Van (RRTR) and 
railcar (ORRR) shipments into a loaded vessel 


(#57153) and leaves the system. Then the class 1 
vessel (#659635) moves from the harbor to berth 1 
where it becomes an empty vessel with requirements 
for 3 vanorders and 1 carorder ready for matching 
with van and railcar cargo at the tespective 


gates, 
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APPENDIX & 


RESULTS OF SIMULATION RUN FI 


Simulation crun I was rcun attempting to achieve 62.5 
percent berth occupancy. The vessels arrivals were Pcisson 
listributed with a mean interarrcival time of S7 hours in 


order to generate about 75 vessels in the 180 day period. 


[rain arrivals were given a distribution of no trains 
arriving 25 percent of the days, one train 50 percent of the 
days, andi two train trains arriving 25 percent of th 1ays. 
Arriving trains had 30 cars 50 percent of the time and 40 
cars the remainder of the time. Therefore, on the iveraq , 


35 railcars arrived each Jay. 


Truck arrivals were Poisson listributed wit}! a mean 
interarrival tia of % 5 minutes. The average numker of 


truck artivais pet ight hour receiving period was expected 


The results for Simulation run Tf are shown in the 
accompanying figures and are summarized as follows: 

1} Occupancy rate was 3.16/76 = 52.7 percent. 

2) Van cargo exported was (1650) (18) = 29709 long tons. 

3) Rail cargo exported was (547) (5490) = 425080 long 
tons. 

4) Total cargo exported was 325080 #29700 = 354,780 long 
tons. 

5) Number of vessels turned around was 69. 


6) Percent of vessels delayed was 100 = 87.9 = t2.1 


7) Averagje/maximum number 
12 740/35. 

8) Average van storage time was about 366.0 
9) Average/maxinum number of railcars in 


722/1420. 
1OULS. 


10) Average railcar Storage time was about 454, 3 
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“igure 29 - NUMBER OF VANS IN STORAGE AREAS (SIM. 1) 
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NWS CUNCORD =EXPORT CAPABILITY SIX MONTH 


SUMMARY 2 


NUMBER OF TRAINS (1% CAFS PER TRAIN) AT STORAGE AR 


TOTAL NUMBER IN SFRVICEs CELAYVED, OF IOL=E 
TOTAL NUMBER IN SERPORT PERIOD 1127 
VAX IMUM 142 (ON DAY 17S AT py 
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igure 31- NUMBER OF TRAINS AT STORAGE AREA (SIM. 
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APPENDIX F 


ESULTS OF SIMULATION RUN IT 


Simulation run II was a run attempting to achieve 62.5 


percent berth occupancy, ss2l arrivals were Poisson 


distributed with a mean inte rri time 5% “howrs- 2 


7 


order to yenerate about 7: 23S 5 he 18 lay period. 


r2iaine Same as ft simulation run i 
with no trains arriving 25 percent i@ Gays, one train 
arcivina 50 percent of t! tay : O trains arriving 25 
percent of the days. iving trains had 30 cars 50 percent 
of the time and 40 : : 2 Ainder of the time. 


Therefor2, on the rage : ars arrived each 


Truck arrivals w: > Poisson distributed with a mean 
interarrival tim of 45) minutes ring normal operations. 
When the number of vans in the storajye area was less than 
10, the mean inter ival time was 15 minutes and when the 
Number Of vans in the storage area waS greater than 150, the 
mean interarrival time was 75 minutes. This was the first 
of the five simulation runs to us the non-homogeneous 
arrival distribution. i average number of truck arrivals 


per eight hour receiving period was expected to be 10.6. 


The results of simulation run II are shown in the 
accompanying figures and ar summarized as follows: 

1) Occupancy rate was 3.62/6 = 60.3 percent. 

2) Van cargo exported was (1929) (18) = 34722 Long tons. 


3) Rail cargo exported was (597) (540) = 322,380 long 


tons. 


4) Total cargo exported was 322380 39722 = 357,102 


long tons. 
Number of vessels turned around was 
Percent of vessels delayed was 199 
percent. 
7) Average/maximum number of s an h storage 
as 39@..0/7220. 
8) Average van storag im2 was about 204.5 hours. 
9) Average/maximum 1 ; f rarlears in e storage 
area was 114.3/500 


10) Average railc storage t1 about 78. 
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SUMMARY 1y 
OCCUPANCY OF ALL BERTHS (TOTAL NUMBFFE OF SHIPS IN PORT) 


TOTAL NUMBER IN SERVICE, DELAYED. OR IDOLE 


TOTAL NUMBER IN REPORT PERICO Ferg 
NA X IMUM 6 (ON CAY A AT ®& Os 
AND 36 OTHER TIMES) 
AVERAGE 32262 

MINIMUM © (ON DAY 0 AT 8 Ce 
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NUMBER PERCENT OF REPORT PERIOD 
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1 THRU 1 1Oel 

2 THRU 2 Vale MW 
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& THFU a C.3 

5 THRU Ss 7.0 

6 THRY 6 28 ef 

€ 9.0 


I OVER 


agure 33 = OCCUPANCY OF ALL BERTHS (Sie. i1 


a = 


1 ap-a045 906 NAVAL POSTGRADUATE SCHOOL MONTEREY CALIF F/G 15/5 
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JUN 77 D C FOUNTAIN 
UNCLASSIFIED 
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CCNCORG EXPORT CAPAEILITY 


SUMMARY le 
TOTAL TRUCK CARGO EXFCRTED 


TOTAL NUMBER IN SEPVICE, 


TOTAL NUMBER IN REPCFT 


WAX IMUM 206 (ON DAY 

AVERAGE 83044 

MINIMUM ¢ (ON DAY 
AND 


NUMBER PERCENT OF 
ral 


1 THRU 10° é 
101 THRU 26” J 
201 THRU 3990 
3¢1 THRU 4960 
401 THRU SOC 
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791 THRU BOO 
801 THRU aco 
39€1 THRUICCS 

CVER1990 


34 - TOTAL TRUCK CARI 
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SUMMARY 13 
TOTAL RAIL CARGO EXFORTED (UNITS OF 340 LONGTONS) 


TOTAL NUMBER IN SERVICFe DELAYEDse OF IYOLE 


TOTAL NUMBER IN REPORT PERIOD 597 
WAXY MUM Ss¢ (CN DAY 178 AT 123) 
AVERAGE 162099 = 
NIN IMUM © (ON DAY > ay © 0) 
NUMBER PERCENT OF REPORT PFRIOD 
c 006 
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OVER1O00 0.0 
Figure 35 - TOTAL RAIL CARGO EXPORTED (SIM. II) 
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SUMMARY 15 
SHIP TIME AT ALL BERTHS (ALL SHIPS) 


ELAPSED TIME (INCLUOING DELAYS) 
TOTAL Tite 15195 HRS 26 MIN 22 SEC 
I 


MAXIMUM TIME 233 HRS 22 MIN 10 SEC (OCCURRED ON DAY 1G, 
Boasts ee Se er a oa i ee EGINNING AT TIME 1342) 
AVERAGE TIME 197 HRS 20 WIN 36 SEC 
MINIMJM TIME 195 HRS 8 MIN 59 SEC (OCCURRED QN DAY 142.6 
BEGINNING AT TIME 2341) 
HRS MIN SEC HRS MIN SEC FREQUENCY PER CENT 
sé 0 € OR LESS 0 20 
9Eé 0 6 THRU 108 fo) c 1 163 
_i08 ) 0 THRU 2209 © Q 6 7¢e8 
120 re) QO THRU 132 G 0 1 123 
132 c GQ THRU 144 9 a 0 220 
144 ie) C THRU 156 G 9 te] ¢.6 
156 9 © THRY 198 © G 3 0 C0 
168 v QO THRU 189 Q re) 2 206 
166 G O THRU) 192 9 i) 4 5 e2 
192 v ¢ THRU 204 te) 7] f 2826 
ra -\° Sean * Smee © ein Sn 1-10 aye) eae * eee. ° ee 32348 
216 i) O THRU 228 Ce) fy) 1669 
228 (?] 0 THRU 2490 o e 206 
24 rv) 0 THRU 252 ie) 9G y 0% 
252 9 © THRU 264 0 © c ef 
264 o C THRU 276 © C 9 329 
276 0 © THRU 268 Cc G 4 029 
MORE THAN 268 9 ¢ y) ary) 
TOTAL NUMBER 77 


Figure 36 - SHIP TIME AT ALL BERTHS (SIM. IT) 
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N@wS CONCORD 


SUMMARY 1 


NUMBER OF VANS 


EXPORT CAPABILITY 


IN STCRAGE AREA 


17MAY77 


| 
SIX MONTHS | 


TOTAL NUMBER IN SERVICE, DELAYED, OF IDOLE 
TOTAL NUMBER IN REPORT PFRIOD 4071 
WAXIMUM 226 (ON DAY 168 AT 1522) 
AVERAGE 2891 
MINIMUM C (ON DAY BA. 
ANO 52 OTHER TIMES) 
NUMBER PERCENT OF REPORT PERIOD | 
rs A.9 | 
1 THRU 25 1904 
26 THRU SG Bef 
51 THRU ys 920 a 
7€ THRU 100 110 
191 THRU 125 10.2 
126 THRU 159 1Sel 
151 THRU 175 19.3 
176 THRU 200 307 
291 THRU 225 226 
226 THRU 25¢ Cel 
261 THRU 275 ".0 eae a ae 
276 THRU 306 C0 
301 THRU 325 0.0 
326 THRU 35¢ 020 
351 THRU 375 9.0 
376 THRU 400 6.0 
OvFR 4¢n 0.0 


Figure 38 - 


NUMBER OF VANS IN STORAGE 


AREAS (SIM. I7) 
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NwS CONCORD EXPORT CAPAEILITY SIX MONTHS 17MAY77 


SUMMARY 2 
NUMBER OF TRAINS (10 CARS PFR TRAIN) AT STORAGE ARFA 


TOTAL NUMBER IN SERVICE. OELAYED, OR IOLE 


TOTAL NUMBE® IN REPORT PERIOD 1251 
WAX IMUM 51 (ON DAY . aT 8OD 
AVEC AGE 11243 
i WINIMUM © (ON DAY - AT 8&8 Ce 
AND 136 OTHER TIMES) 
NUMBER PERCENT OF REPORT PERIOD 
¢ 2467 
| 1 THRU 5 2069 
€ THRU 10 1420 
| 11 THRU 15 Be4 
16 THRU 20 704 
21 THRU 25 BoB 
26 THRU 30 2e3 
31 THRU 36 204 
36 THRU 6° 201 
41 THRU 45 1.9 
46 THRU s¢ 1-¢ copa Sec 
51 THRU 55 0.0 
5- THRU 6F ree) 
61 THRU 56 C.9 
66 THRU 70 0.0 
71 THRU 75 C20 
7€ THRU 80 2.0 
81 THRU R& ¢.0 
e@é6é THRU iol a AC ae a 
91 THRU 95 C20 
$6 THEY 190 020 
OVER 106 00 


Figure 40 - NUMBER OF TRAINS AT STORAGE AREA (SIM. I.) 
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APPENDIX G 


RESULTS OF SIMULATION RUN ITT 


Simulaticn run TIT was run attempting to achieve 62.5 
percent berth occupancy. The vessel arrivals were Poisson 
distributed with a mean interarrival of 57 hours in order to 
generate about 76 vessels in the 180 day period. Thas run 
was given a new seed to tincerease the randomness cf the 


results. 


Train arrivals were given a distribution of no trains 
arriving 25 percent of the days, ons train 50 percent cf the 
days, and two trains arriving 25 percent of the days. 
Acriving trains had 30 cars 50 percent of the time and 40 
Cars the remainder of the time. Therefore, on the average, 


35 railcars arrived each day. 


[ruck arrivals were Poisson distributed with a mean 
interarrival time of 45 minutes during normal operations. 
ahen the number of vans in the storage area was less than 
19, the mean interarrival time was 15 minutes and when the 
number of vans in the storage area was greater than 150, the 
mean interarrival time was 75 minutes. The average nuaber 
of truck arrivals per eight hour receiving pericd was 


expected to be 10.6. 


Th? results for simulation run [II are shown in thea 
acccupanying figures and are summarized as follows: 

1) Occupancy rate was 4.16/6 = 69.3 percent. 

2) Van cargo @xported was (2253) (13) = 40554 loaq = tons, 


104 


3) Rail cargo exported was (659) (540) = 3568690 long 
tons. 

4) fotal cargo exported was 3568600 + 40554 = 397,414 
long tons. 

5) Number of vessels turned around was 90. 


6) Percent of vess« 


te 


ls delayed was 100 - 66.3 = 33.7 
percent. 

7) Averageysmaximum number of vans in Ene Storage area 
was 54.9/7185. 

8) Average van storage tine was about 96.0 hours. 

9) Average/maximum number of railcars in the storage 
area was 1367/6050. 


10) Average railcar storage time was about 75.0 hours. 


NwS COCNCCRD EXFORT CAPAGILITY SIX MONTHS 1EMAYT 


SUMMAFY 19 
OCCUPANCY GF ALL SERTHS (TOTAL NUMBER OF SHIPS IN FORT? 


TOTAL NUMBER IN SERVICEs CELAYEOs OR TOLE 


TOTAL KUMBER IN REPORT PeRITOC 90 

MAXIMUM €é (ON DAY © AT B Os 

AND 41 OTHER TIMES) 

AVERAGE 4e16 

MINIMUM SC (ON DAY © AT 0 Cs 

AND 2 OTHER TIMES) 

NUMBER PERCENT OF REPORT PERIOD 
0 lect 
1 TRRU 1 508 
2 THRU res L126 
| 2 THRU i) 1Sel 
4 THRU 4 2Cel 
5 THRU S tz0e2 
| € THRU 6 3200 
OVER € 929 

“igure 42 - OCCUPANCY OF ALL BERTHS (SIM. IIT) 
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NwS CCNCORD EXFORT CAPAGILITY SIX MONTHS 16M 


SLMMAFY 12 
TOTAL TRUCK CARGO EXPORT=O CUNITS OF 18 LONGTON) 


J 


TCTAL NUMBER IN SERVICEs DELAYED. OR IDLE 


TOTAL NUMBER TN REPCRT PERTIOC 2253 

MAXIMUM 225 (ON DAY 13 AT 2042) 

AVERAGE S4e81 

MINIMUM 9 (ON OAY oO AT 0 Ov 
AND 2 OTHER TIMES) 


NUMBER PERCENT OF REPORT PERIOD 


fe 1.7 

1 THRU 1090 51068 
1C1 THRU 200 4465 
201 THRU 3900 2e0 
201 THRU 490° OeC 
401 THRU 590 CeO 
5$C1 THRU 690 O20 
601 THRU 7090 029 
701 THRU 8900 0.90 
8C1 THRU 900 Se0 
901 THRULIOO Cec 
OVERIOOC Ced 


Pigure 43 - TOTAL TRUCK CARGO EXPORTED (SIM. JLii) 
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NWS CCANCCRCO EXFORT CAPABILITY SIX MONTHS 1EMAY77 


SUMMARY 13 
TOTAL RATL CARGO EXPORTEC CUNITS OF S40 LONGTONS) 


TOTAL NUMBER IN SERVICE. DELAYED» OR IDLE 


TOTAL NUMPER IN REPORT PERTOC 659 
MAXIMUM 46 (ON DAY 16 AT 1730) 
AVERAGE 1720S 
MINIMUM C (ON DAY O AT Qo 90) 
NUMBER PERCENT OF RKEPGRT PERIOD 
0 Cef 
1 THRU 1990 9904 
101 THRU 200 O20 
201 THRU 30C 020 
FOL THRU 4CC 9200 
491 TRRU 500 CeC 
5C1 THRU 60C O20 
. 601 TRRU 790 CeO 
791 THRU 300 O20 
8C1 THRU 3CC O20 
$C1 THRUIODOO Oe 
OVERLOOO Cec 
Figure 44 - TOTAL RAIL CARGO EXPORTED (SIM. III) 
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AWS CCNCCRD =XFURT CAPARILITY SIX MONTHS 1BMAY7 


SUNMAFY 15 
SHIP TIME AT ALL BERTHS (ALL SHIPS) 


ELAPS=D TIMES CINCLUDING CELAYS) 
TCTAL TIME 17862 RRS 27 MIN 25 SEC 
MAX IMUM TIME 23228 HRS 135 MIN SY SEC (OCCURRED ON DAY Ele 

BEGINNING AT TIME 1025) 

AVERAGE TIME 1$8 HRS 30 MIN 18 SEC 

MINIMUM TIME 10@ HRS 31 MIN 7 SEC (OCCURRED ON DAY 124.6 

BEGINNING AT TIME 1924) 

FRS MIN SEC HRS MIN SEC FREQUEKCY PER CENT | 
GE C © OR LESS ° 049 
c6 Cc 0 THRU 198 Q re) c Cet 
Eee) OFS! & @_ JHRL 120 | >) 5 5a 
12:¢ Cc So THRL 132 2) 2) 1 tel 
132 c O TRRL 144 °) C B) OeCc 
144 c 9 TRRL 156 ei 6} 3 eet 
i56¢ Q > TERU 1632 C 5) 4 404 
168 Cc 09 TRRL 18¢ o © 3 Cel 
1s8c 9 O TRRL 192 e) 2 5 Seé 
1¢2 C § THRL 204 3) °) ae 3506 
= 294 c DQ TrRL TB a 2) C 24 L607 
216 c 9 THRE 22R 8) p) 1ée 2900 
22F (9) O THRL 240 C 3 1 lel 
24ac ¢ D9 THRU 252 8] 0 c Oe° 
252 Cc 9 TRRL 264 ) 2 ) 92° 
264 Cc > TrRRL 275 3 2 2) Oe 
276 Cc 9 TRRU 263 8 C 2) Oect 
MOFE THAN 232 C D) °) Oe 

TETAL NUME 93 


Figure 45 - SHIP TIME AT ALL BERTHS (SIM. III) 
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KwWS CONCORD =XFORT CAPAbILITY SIX MONTHS LEMAY7 


SLMMAEY 12 
NUMBER OF VANS IN STORAGE AREA 


TOTAL NUMBER IN SERVICE. DELAYECe OR IDLE 
TOTAL NUMBER IN REPORT PERICO 4627 


MAX IMUM 185 (ON DAY 158 AT 1522) 
AVERAGE 54094 a 
MINIMUM CO CON DAY © -AT & Oe 
ANDO 172 OTHER TIMES) j 
NUMBER PERCENT OF REPORT PERIOD 
fe) 328 
1 THRU 25 3207 
26 THRU 50 2006 
51 THRU 75 1728 
76 THRU 100 608 
101 TRRU 125 Eel 
126 THRU 150 50S 
151 THRU 175 504 
176 THRU 220 009 
201 THRU 225 020 
226 THRU 250 920 
251 THRU 275 020 F 
276 THRU 300 020 
301 THRU 325 000 
326 THRU 350 020 
351 THRU 375 000 
376 THRU 400 020 
OVER 490 020 


Figure 47 - NUMBER OF VANS IN STORAGE AREAS (SIM. III) 
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RWS CONCORE =XFORT CAPABILITY SIX MONTHS 1EMAY7 


SLMMARY 2 
NUMBER CF TRAINS (10 CASS FER TRAIN) AT STORAGE AREA 


TCTAL NUMBER IN SERVICEs CELAYEDs OR IDLE 


TOTAL NUMBER IN REPCRT PERICO 1347 

MAXIMUM 65 (ON DAY 166 AT 8 9) 

AVERAGE 13464 

MINIMUM © (GN DAY oO AT 8 Oe 
AND 203 OTHER TIMES) 


NUNBER PERCENT OF REPORT FERIOD 
9 3607 


2 THRU 5 1907 
6 THRU 10 129 
11 THRU 1S 4e2 
16 THRU 20 203 
21 THRU 25 Coed 
26 THRU 3c 209 
31 THRU a 2.3 
36 THRU 40 164 
41 THRU 4s 169 
46 THRU 50 127 
Si. THRU  §5 4e3 
S56 THRU 690 423 
61 THRU 65 301 
6€ THRU 70 029 
71 TRRYU 75 Oe9 
76 THRU 8C 009 
81 THRU &S 029 
86 THRU 30 920 
91 THRU 35S — 200 
96 THRU 1)0 9e9 
GVER 130 029 


Figure 49 ~ NUMBER OF TRAINS AT STORAGE AREA (SIM. III) 
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APPENDIX H 


RESULTS OF SIMULATION RUN IV 


Simulation run IV was rcun attempting to achieve 90 
percent berth occupancy. The vessel arrivals were Poisson 
distributed with a mean interarrival time of 37 hours in 


order to generate about 117 vessels in the 180 day period. 


Train arrivals were given a distribution of no trains 
arriving 25 percent of the days, one train 50 percent of the 
days, and two trains arriving 25 percent of the days. 
Arriving trains had 50 cars 40 percent of the time and 60 
cars the remainder of the time. Theretore, on the average, 


56 railcars arrived each day. 


Truck arrivals were poisson Mlistributed with a mean 
interarrival time of 30 minutes during normal operations. 
When the number of vans in the storage area was less than 
10, the wean interarrival time was 10 minutes and when the 
number of vans in the storage area was greater than 1590, the 
mean intorarrival tine was 50 minutes. The average number 
of truck arrivals per eight hour receiving period was 


expected to be 16.38. 


The results for simulation run TV are shown in the 
accompanying tigures and are summarized as follows: 

1) Occupancy rate was 5.99/6 = 99.4 percent. 

2) Van caryo exported was (3132) (18) = 56376 Lonq = tons. 

3) Rail cargo *xported was (1026) (540) = 554040 Long 


tonSe 
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4) Total caryo exported was 554040 + 56376 = 010,416 
long tons 


5) Number of vessels turned around was 127. 


a 


6) Percent of vessels delayed was 100 - 100.0 = 0.0 
percent. 

7) Averagesmaxinum nunber of vans in the storage area 
was 55.2/1750. 

8) Average van Storage time was about 72.2 hours. 

?) Average/maximum number of railcars in the storage 
area was 105/752uU. 


10) Average railcar storage time was about 42.5 hours. 
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NWS CCNCCRC EXPORT CAPABILITY SIX MONTHS 1SMAY77 


WMARY 1C 
CCCUPANCY CF ALL BZRTFS (TCTAL NUMEER OF SHIPS IN FCRT) 


TOTAL NUMBER IN SERVICES D=LAYECs OR IDOLE 


TCTAL NUMBER IN REPORT FERIOC 127 
MAXIMUM 6 (ON DAY Oo AT G Oe 
ANO 127 CTHER TIMES) 
AVEFAGE 62059 

MINIMUM C (CN DAY Q AT Oo 9) 
NUNRES PERCENT GF REPORT FERIOD 

19) Cee 

1 TeRU :! Oe° 

e THRU 2 Oed 

2 THRU 2 Ced 

4 THRU 4 C08 

S THRU o Cel 

€ ThRU 6 GGes 

OVER 6 020 


Figure 51 - OCCUPANCY OF ALL BERTHS (SIM. IV) 


NwS CCNCCRO EXFCRT CAPAYILITY SIX MONTHS 


TOTAL TRUCK CARGO =XPCRTEL (UNITS OF 138 LONGTON) 


TOTAL NUMBER IN SERVICEs CELAYEDs OR IDLE 


TCTAL NUMEES IN REPCRT FERIOC 3132 
MAXIMUM 211 (ON DAY 14€ AT 1258) 
AVERAGE 126049 
MINIMUM ¢ (ON DAY Oo AT O 9) 
NUMBER PERCENT CF REPORT FERIOD 
a - Ce2 
1 THRU 10C L1lel 
101 THRU 290 B7ed 
201 THRU 200 Coed 
301 TrhRU 490 Bed 
401 ThRU 500 Cod 
501 THRU 690 rye) 
601 TRFU 790 069 
701 THkU 30C Cod 
801 THRU 900 ore’) 
201 THRULIDO Coed 
OVERICSOC 309 
52 - TOTAL TRUCK CARGO EXPORTED (SIM. 
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KwS CCNCCKO EXFCRT CAPABILITY SIX MONTHS 1S 


SUMMARY 12 
TOTAL ATL CARGO =XFCRTTC CUNITS OF 540 LONGTCNS) 


TOTAL NUMPER IN SERVICEy CELAYED, OR IDLE 


TOTAL NUMBER IN KREPCRT FERICC 1026 
MAXIMUM 45 (ON DAY 7 AT 2052 
ANC 1 GTHER TIMES) 
AVERAGE 24054 
MINIMUM C (ON DAY Oo AT 0 9) 
NUMBER PERCENT CF REPORT FERIOD 
(3) O06 
1 THRU 1¢C 3504 
101 THRU 266 Ce8 
201 THRU 30C 029 
3aC1 THRU 4cc 009 
401 TeERU 500 C20 
501 THRU 600 220 
601 Thru 790 Cad 
761 THRU 300 920 
301 TRRU 900 Cee 
9C1 THRUIO0O 029 
QVERIOCO Sed 


“igure 53 - TOTAL RAIL CARGO EXPORTED (SIM. IV) 
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SUMMARY 16 
SHIP T 


TOT4t TIME 
MAXIMUM TIME 


AVERAGE TIME 
MINIMUM TIME 
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SXFCRT 


ALL BERTES 


ELAPSED TIME 
GS FRS 40 MIN 
€ HRS 29 MIN 
82 HRS o MIN 
6 HRS 24 MIN 
HRS MIN SEC 
ss 
168 c ¢ 
L220 2} S 
pW c 3] 
to¢ Cc Q 
1S6 3 ) 
16a ral Cc 
180 c € 
192 °) S 
234 c C 
2i6 3 ») 
228 91 3 
245 9 } 
252 c c 
2t4 c C 
276 C c 
288 c ) 
238 C ) 
TOTAL NUMGER 


CAPAGILITY 


SIx MONTHS 


CALL SHIPS) 
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ive 
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rw 


ON 
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BECINNING AT 


EC 
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SHIP TIME AT ALL BERTHS (SIM. 
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NwS CCNCCRD =EXFCRT CAPASILITY SIX MONTHS 


SUMMAFY 1 
NUMBER CF VANS IN STIJRAGE AREA 


TCTAL NUMBER IN SERVICE.» DELAYECDe OR IDLE 


TETAL ANUMZER IN REPLET FERICC 6569 
VAX IMUM isc (ON DAY © AT 8 0) 
AVERAGE eSecs 
VINIMUM C (ON DAY G AT 8B Os 
AND 102 OTHER TIMES) 
NUMEZR PERCENT CF REPCRT FERIOD 
° eed 
1 THRU 2¢ 2205 
26 THRU 59 22e 
Si THRU 75 e4e2 
76 THRU 1906 1923 
i@i FHRU {25s 7285 
izé THRU 150 2el 
152 THRU LT 2s 200 
176 ThRU 29C 2eC 
20}? FRRU 225 $C 
226 THRU 250 209 
254. LARU 27s 309 
2T6 THRU 300 209 
301 THRU 325 220 
326 THRU 350 020 
Blo) UAE Wy = tA 7 Cod 
376 THRU 465C Cel 
OVER 4090¢ O20 


Figure 56 - NUMBER OF VANS IN STORAGE AREAS (SIM. IV) 
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SUMMARY 2 
KUMBER CF TRAINS (1) CASS PER TRAIN) AT STORAGE AREA 


TCTAL NUMBER IN SERVICEs CELAYECs CR IOLE 
8 
) 


TOTAL NUMBER IN REPCKT PERIOC 212 
MAXIMUM 52 (ON DAY o AT 8O 
AVERAGE 10049 
MINIMUM C (ON DAY OAT & OG. 
AND 167 OTHER TIMES) 
NUMBER PERCENT CF REPORT FERIUD 
9 2Ced 
1 TRRU 5 156 
€ THRU 10 12.5 
11 TRRU 15 Ce5 
16 THRU 20 1O60l 
21 THRU 25 609 
26 THRU 2¢ be7 
31 THRU 25 Zed 
26 THRU 4¢ 207 
41 TRRU 4S Ce3 
46 THEU 50 006 
S51 TreRU 6&5 OeC 
56 THRU 60 0.0 
£1 THRU 65 C20 
66 THRU 70 C20 
| 71 THRU 75 060 
: 7E THRU &8C O00 
@t TRKRU ge Oe0 
5s€ THRU $0 CeD 
91 THRU GS 020 
9€ THRU 176 Oe) 
OVER 199 Cel 


Figure 58 - NUMBER OF TRAINS AT STORAGE AREA (SIM. IV) 
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APPENDIX I 


RESULTS OF SIMULATION RUN V 


Simulaticn run V was run attempting +o achieve 30 
percent certh occujancy. The vessel arrivals wer2 Poisson 
distributed with a mean interarrival time of 42 hours in 


order to qgenerate about 194 vessels in the 130 day period. 


Train arrivals were given a distribution of no trains 


arriving 25 percent of th2 days, one train 50 percent of the 


days, and two trains arriving 25 percent of the days. 


Arriving trains |} 50 cars 100 percent of the time. 


Therefore, on the 2rage, 50 railcars arrived each day. 


Truck arrivals were Poissou distributed with a mean 
interarrival time of 33 minutes during normal operations. 
Woen the number of vans in the storage area was Less than 
10, the mean interarrival time was 13 minutes and when the 
Number of vans in the storage area was greater than 150, the 
mean interarrival time was 53 minutes. The average number 
of truck arrivals per eight hour receiving period was 


expected to be 14.5. 


The results for simulation run V are shown in 
accompanying figures and are summarized as ftoliowss: 

1) Occupancy rate was 4.65/6 = 77.5 percent. 

2) Van cargo exported was (24596) (13) = 44928 Long tons. 

3) Rail cargo exportet was (840) (540) = 453600) long 
tOnSe 


4) Total cargo exported was 853600 + 4428 


long tons. 


5) Number of vessels turned 


around wa 


6) Percent of vessels IJlelayed = wa 


percent. 
7) Average/ma XLmun Lumber 
was 94.4/7196. 


8) Average van storage time 


9) Average/maximumn number of 


area was 90071530. 


OT 


Was 


Vans 


about 


s 97. 


s 100 


in the 


NSisis 7 


railcars in 


44.3 


Stoca 


HhOUL 


the 


10) Average railcar storage time was about 404.9 


ars 


= So a7 
je area 
Se 


storage 


hours. 
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MARY 10 
OCCUPAKCY CF ALL BERTHS (TOTAL NUMBER OF SHIPS IN PORT) 


TOTAL NUMBER _ IN SERVICE. DELAYED. OR IDOLE 


TCTAL NUMBER IN REPCRT PERIOD 97 

MAXIMUM 6 (ON DAY O AT 8 Oe 
ANO 65 GQTHER TIMES) 

AVERAGE 4e65S 

MINIMUM 0 (ON DAY O AT O 0) 


NUMBER PERCENT OF REPORT FERIOD 
0 Oe2 
1e9 
12¢e0 
16068 
706 
10e7 
S009 
O29 


THRY 
THRU 
THRU 
THRU 
THRU 
THRU 
OVER 


SOM PUN 


Figure 60 - OCCUPANCY OF ALL BERTHS (SIM. V) __ 


NWS CONCORD EXFORT CAPAUILITY SIX MONTHS  20MAY 
“SUMMARY 12 _ 
TOTAL TRUCK CARGO EXPORTED (UNITS OF 18 LONGTON) 


TOTAL NUMBER IN SERVICE. DELAYED, OR IDOLE —- 


TOTAL NUMBER IN REPCRT PERICD 2496 
MAXIMUM 205 (ON DAY 26 AT 16 9) 
AVERAGE 108264 
MINIMUM C (ON OAY Oo AT 0 OD 
NUMBER PERCENT OF REPORT PERIOD 
fe} . Se2-—-—--_--—- — —— 
1 THRU 100 4207 
101 THRU 200 5720 
20% THRU 390 Ool 
301 THRU 40C 020 
401 THRU 50C 020 
5C1 THRU 690 000 
601 THRU 790 0e0 
701 THRY 800 0e9 ——--- woe 
801 THRU 900 0e0 
$01 THRU1O900 020 
OvERIO0C 0e0 


Figure 61- TOTAL TRUCK CARGO EXPORTED (SIM. V) ee 


NwS CCNCCRO EXFORT CAPABILITY 
“SUMMARY 13 


TOTAL RAIL CARGO EXPCRTEC (UNITS OF 540 LONGTONS) 


TCTAL NUMBER IN SERVICE. 


CELAYEDs, 


TOTAL NUMBER IN REPORT PERIOD 


SIX MONTHS 


ORIOLE 
840 


MAX IMUM 47 (ON DAY 23 AT 1227) 
AVERAGE 21267 

MINIMUM 0 (ON DAY Oo AT oO 0) 

NUMBER PERCENT OF REPORT PERIOD 
ro] O06 
1 TRRU 100 S904 
101 THRU 200 020 
201 THRU 300 020 
301 THRU 400 0290 
491 THRU 500 02-0 
501 THRU 690 920 
601 THRU 7900 CeO 
701 THRU 800 029 
801 THRU 900 e9 
901 THRUILOO0O Qe0 
OVER190C 0e9 

Figure 62 - TOTAL RAIL CARGO EXPORTED (SIM. 
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SUMMARY 15 
SHIP TIME AT ALL BERTHS (ALL SHIPS) 


— ELAPSED TIME CINCLUDING CELAYS) 


TOTAL TIME 19522 HRS 26 MIN 59 SEC 
MAXIMUM TIME 237 HRS 58 MIN 11 SEC (CCCURREO ON DAY 17> 
BEGINNING AT TIME 7 9) 
AVERAGE TIME 201 HRS 15 MIN 44 SEC 
MINIMUM TIME 198 HRS 44 MIN 2? SEC (OCCURRED ON DAY 1606 
BEGINNING AT TIME 610) 
HRS MIN SEC HRS MIN SEC FREQUENCY PER CENT 
96 c 0 CR LESS 9 Ge E 
96 ) O THRL 108 fe) fe) oy) 020 E 
108 c OQ THRU 120 h) re) Ss Se2 F 
12C C 0 TRRU 1232 fr} rc) r) 020 
132 Cc QO TRRL 144 () to) 9 oe) 
144 Cc O THRU 156 fe) 0 1 120 
156 oO O THRU 168 re) a to) 020 
168 c 0 THRU 180 ) fe) 4 4e1 
180 C O THRE 192 c Pr) S 9.3 
1$2 0 C THRU 204 0 Q 27 2728 
204 Cc OQ THRU 216 re) GQ 2a 2869 
216 ) 0 THRU 228 Cc re) 21 2106 
228 0 O THRU 240 ) ) 2 2el 
249 c O THRU 252 ) ) 0 O20 
_.. 252 (ol Q THRU 264 fe) fe] fe) 0.0 
264 c 0 TeRU 276 fe) Pe) 9 000 
276 0 0 TRRU 288 0 C ] 000 
MORE THAN 288 fe) Q ) 020 
TOTAL NUMGER 97 
Figure 63 - SHIP TIME AT ALL BERTHS (SIM. V) = 
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NwS CCNCORD EXPORT CAPASILITY SIX MONTHS 2O0MAY77 


SUMMAFY 1 
NUMBER CF VANS IN STORAGE AREA 


TOTAL NUMBER IN SERVICE. DELAYEDe OR IDLE 


TOTAL NUMBER IN REPORT PERIOO 5299 
MAXIMUM 196 (ON DAY 104 AT 1559) 
AVERAGE 94042 
MINIMUM Oo (ON DAY 0 AT 8 Os 
ANDO 72 OTHER TIMES) 
NUMBER PERCENT OF REPORT PERIOO 
te) ef 
1 THRU 25 15e3 
26 THRU 50 12e2 
‘ S51 THRU 75 1304 
76 THRU 100 1023 
101 THRU 125 12e5 
126 THRU 150 8e7 
151 THRY 1375 1807 
176 THRU 200 7e3 
2C1 THRU 225 020 
226 THRY 250 0e9 
251 THRU 275 020 i 
276 THRU 300 020 
301 THRU 325 029 
326 THRU 350 0.0 
351 THRU 375 0290 
376 THRU 490 020 
OVER 400 029 


Figure 65 - NUMBER OF VANS IN STORAGE AREAS (SIM. V) 
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NwS CCNCORO EXPORT CAPABILITY SIX MONTHS 2OMAY77 


SUMMARY 2 
NUMBER CF TRAINS (19 CARS PER TRAIN) AT STOXAGE AREA 


TOTAL NUMBER IN SERVICE*s DELAYED. OR IDLE 


TOTAL NUMBER IN REPORT PERIOD 1747 
MAXIMUM 153 (QN OAY 140 AT 8 0D 
AVERAGE $0eQ9 

MINIMUM © (ON DAY QO AT 8 Os 

ANO 1 GTHER TIMES) 

NUMBER PERCENT OF REPORT PERIOD 
Le] 0e0 
1 THRU 5 Oed 
6 THRU 10 020 
11 TRRU 18 020 
1é THRU 20 0e0 
21 THRU 25 Oe2 
26 THRU 30 165 
31 THRU 35 Geb 
36 THRU 490 6e7 
41 THRU 45 609 
46 THRU so 320 
51 THRU ao 2e5 
56 THRU 60 320 
61 THRU 65 208 
6€ THRU 70 2e7 
71 THRU 75 4e4 
7Eé THRU 80 2el 
81 THRU &5 Jel 
8eE THRU 30 Se7 
91 THRU ke) Sed 
96 THRU 190 lel 
OVER 100 43262 

Pigure 67 —- NUMBER OF TRAINS Af STORAGE AREA (SIM. Vv) : 
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VESSEL EXPORT TONNAGES IN CLASS GROUPINGS FOR JANUARY 


PHROUGH JUNE 19608 


This appendix is a representation of all vessels in each 


class, of the vessels that made complete turnarounds in the 
first six months of 1968, showing the relative distribution 


of vessel cargo tonnages within each class and the number of 


vessels in the class. 
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APPENDIX K 


THE TRIANGULAR DISTRIBUTION 


[The triangulac distribution is a Jistribution made 
availapl2 to the lsecs ot PRANSIM. The upper and lower 
ranges of the event poSsibilities are defined to have zero 
probability. The only other significant point on the 
probability curve is at an arbitrary point between the upper 
and lower limits with an assigned probability. Connecting 
the three points forms a triangle, hence the name. The 
"Cutve" is Just two connecting straight lines. The figure 
below gives an example of tne triangular density function 
for the berth time distribution of a class 01 vessel used in 


this model. 
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Figure 70 - A TRIANGULAR DISTRISUTION 
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